v" In the past, patients with injuries of the cervical spine and spinal cord have been diagnosed by means of myelography and polytomography. In an attempt to improve the radiographic evaluation of patients with cervical spinal cord injuries the authors performed computerized tomography (CT) scanning of the cervical spine following injection of metrizamide into the spinal subarachnoid space. In 23 patients with cervical spinal cord injuries, metrizamide myelography was performed via a C1-2 puncture. Myelography was used only for localization of the lesion and to determine the site of CT scanning. After myelography, CT scanning of the cervical spine in the transaxial plane was effective in determining the exact nature of compressive lesions and distinguishing the etiology among hematoma, disc, bone fragments, osteophytes, or ossification of the posterior longitudinal ligament. In several patients, metrizamide could be seen entering the spinal cord and was indicative of anatomical spinal cord disruption. In patients with fractures, CT scanning identified the site and nature of the injury without the need for turning the patient to the lateral position. In several patients with an apparently stable cervical spine, the CT scan showed apophyseal joint widening indicative of instability. The authors conclude that CT scanning of the cervical spine after the introduction of metrizamide into the subarachnoid space provides a definitive evaluation of the cervical spinal cord, the bone structures of the cervical spine, and their relationship to each other.
T HE goal of early management of patients with cervical spine and/or spinal cord injuries is the preservation of injured but still viable neural tissue, and the prevention of injury to normal spinal cord or nerve roots. This objective is initially achieved by external immobilization and reduction of fractures or subluxations with the use of cervical traction.
The diagnostic assessment of such patients has two objectives: 1) the evaluation of injuries to bones or ligaments and the determination of the effect of such injuries on spinal stability; and 2) the evaluation of the presence of neural compression by bone or soft-tissue structures. In the past, patients with cervical spine and spinal cord injuries have been evaluated by myelography and polytomography. While these two radiographic techniques are generally adequate for the evaluation of these injuries, there are a number of inherent disadvantages to their use. In an attempt to improve the radiographic evaluation of patients with cervical spine and spinal cord injuries we performed computerized tomography (CT) scanning of the cervical spine following injection of metrizamide into the spinal subarachnoid space. We report here the usefulness of these studies in the management of such patients.
Clinical Material and Methods
Twenty-three patients with cervical spinal cord injuties, who were admitted to Bellevue Hospital between December, 1981, and September, 1983, were studied with metrizamide myelography-CT scanning. The clinical characteristics of the patients in our series are seen in Table 1 .
In general, the sequence and choice of diagnostic radiological procedures were determined according to an algorithm presented in Fig. 1 . All patients with suspected cervical spine injuries were initially immobilized. Patients with posttraumatic neck pain and no objective neurological deficit had cervical spine roentgenograms performed in the anteroposterior (AP) and lateral projections. When indicated, further evaluation was performed with flexion-extension films, CT scan-ning without metrizamide, or occasionally with polytomography.
All patients with objective motor or sensory deficit, reflex changes, or subjective sensory symptoms referable to the cervical spinal cord also had plain films to demonstrate the level of bone injury. Reduction and stabilization of fractures and subluxation was achieved by insertion of a skull halo device or by Gardner-Wells tongs attached to a traction apparatus and appropriate weights. After respiratory status was stabilized and maximal reduction was achieved, the patient was transferred in the supine position to a tilting fluoroscopic table in the myelography suite. After phenobarbital (130 mg) was administered either intravenously or intramuscularly, a lateral C1-2 puncture was performed. Five to 6 ml of metrizamide (220 mg I/ml) was introduced with fluoroscopic monitoring to verify the subarachnoid location of the contrast material and to ensure that it did not ascend into the cisterna magna. A single AP and a single lateral film were then taken which, along with The patients were then moved to the CT scanner where cervical traction was maintained with a traction board of our own design. The majority of studies were performed on a GE CT/T 8800 scanner; a few scans were performed on a Phillips T60 scanner. Lateral and AP scout films were taken at the time of the scan for localization and evaluation of alignment. The level of the scan was determined by the site of bone injury revealed on the plain films, and the site of spinal cord compression was determined by fluoroscopy on lateral films after introduction of metrizamide into the subarachnoid space.
Scans were obtained from the vertebral body above the level of injury to the vertebral body below. Slices 5 mm thick were obtained at 4 mm intervals. The scan plane was angled so as to be perpendicular to the spinal axis (parallel to the vertebral body end-plates). Scans were obtained at the lowest milliampere/second level consistent with providing adequate resolution of the spinal canal bones and subarachnoid metrizamide. All scans were imaged by using bone and soft-tissue windows. Coronal, sagittal, and oblique reconstruction was performed early in the series but for the most part this technique added little or nothing to the information obtained from the transaxial scans and is no longer performed.
Results
Abnormalities visualized on the metrizamide myelogram-CT scan were classified into two broad groups: 1) malalignments and bone abnormalities; and 2) spinal cord compression or abnormalities. The incidence of these lesions in our series is seen in Tables 2 and 3 . The total number of pathological findings is greater than the number of patients, as many patients had two or more lesions. Bone abnormalities were more frequently encountered than spinal cord abnormalities; this was a reflection of the fact that most patients had had their 
Bone Abnormalities Vertebral Body Fractures.
The typical appearance of a vertebral body fracture is shown in Fig. 2 . In this particular patient, lateral plain films ( Fig. 2 upper) showed a slight compression fracture of C-6, but the CT scan ( Fig. 2 lower) showed fractures in both the coronal and sagittal planes. This situation necessitated vertebral body removal at the time of anterior cervical fusion. In the same patient myelography was suggestive of a block at the C6-7 level, but the patient's shoulders prevented adequate visualization of this area (Fig. 3 left). Laminar Fractures. Fractures of the lamina were frequently noted in this series. They were hard to discern on plain films but were easily seen on CT. Frequently they were bilateral, and associated with vertical fractures of the vertebral body (Fig. 4) .
Widened Apophyseal Joints. A widened apophyseal joint was seen in virtually all patients who had subluxation at the time of initial plain film examination. Apophyseal joints generally remain wide in spite of reduction of subluxations, and this finding was an important clue to ligament injury and an unstable spine. Figure 5 shows a dramatically widened fight apophyseal joint, and persistence of subluxation is manifest by the appearance of two laminae on this one section.
Rotary Subluxation. Rotary subluxations are sometimes difficult to appreciate on plain films. The sagittal reconstruction and multiple transaxial cuts seen in is seen in Fig. 9 upper left. The exact nature of this defect was clarified by CT scanning after metrizamide was introduced into the subarachnoid space. Figure 9 lower left shows cord compression by O P L L with obliteration of the subarachnoid space at C-4. Routine polytomograms (Fig. 9 right) (Fig. 11 lower) illustrates the rapid passage of contrast material into the center of the spinal cord at C-5, probably as a result of physical disruption of the cord substance.
Herniated Intervertebral Disc. A C T scan without
metrizamide fails to identify a disc herniation (Fig. 12 left). However, after metrizamide injection, anterior extradural compression is readily seen (Fig. 12 right) .
This lesion was identified in one patient; at operation a herniated disc was found to be compressing the dural tube.
Epidural Hematoma. An epidural hematoma was seen in one patient (Fig. 13) . After metrizamide injection, the CT scan showed anterior compression of the spinal cord with obliteration of the subarachnoid space and a small region of increased density anterior to the spinal cord.
Discussion
The standard means of evaluating patients with cervical spine and spinal cord injuries has been by myelography and polytomography. The spinal cord and nerve roots and their relationship to surrounding structures were assessed using myelography,~~ and the definitive evaluation of injury to the bones and ligaments was accomplished through the use of thin-section polytomography.l ~ The limitations of polytomography include the need to move a patient with an unstable cervical spine to the lateral position, 8'~3 the inability to display most soft-tissue structures, and the lack of visualization of the bone limits of the spinal canal in the axial plane? There is also significant radiation exposure when multiple tomographic cuts are obtained in both frontal and lateral projections.~'5'8
Conventional myelography using metrizamide often does not produce satisfactory visualization of the spinal subarachnoid space and fails to define the nature or presence of spinal cord compression. This may occur because contrast material does not outline the anterior aspect of the spinal cord in the supine patient, 2 or because the shoulders can prevent radiographic visualization of the lower cervical spine. In addition, when a subarachnoid block exists, the etiology of compression is frequently not defined by conventional myelography.
A number of studies have demonstrated the usefulness of CT scanning of patients 'with cervical spinal cord injuries with or without subarachnoid injection of metrizamide. ~-9'2' 14'5 This present series demonstrates the efficacy of CT scanning of the cervical spine after subarachnoid injection of metrizamide in a wide variety of posttraumatic situations. We believe that this technique has its greatest usefulness in the evaluation of patients with incomplete neurological deficit after spinal cord injury. Although we have performed metrizamide myelography-CT scanning in patients with complete sensorimotor deficit, we did so as part of a research protocol evaluating therapy for patients with spinal cord injuries. It is our belief that meaningful neurological recovery in such patients is rare, decompression of neural structures is futile, and the introduction of metrizamide is not indicated.
For patients with incomplete spinal cord injuries, metrizamide myelography-CT scanning has the advantage of evaluating the bone anatomy, alignment, and the presence of spinal cord compression in a single The CT density of this lesion was consistent with blood and was less than that of metrizamide. Note also that contrast material has escaped into the paravertebral soft tissues (curved arrows) as a result of a dural tear. tomography is no longer indicated if high-resolution CT scanning is available.
Because CT scanning can accurately determine the density of tissue, the etiology of spinal cord compression may be determined with an accuracy not possible with myelography. The transaxial projection has the additional advantage of showing the spinal cord and canal in cross-section, and will define the exact site of cord compression more accurately than will routine myelography.
Nevertheless, there are pitfalls to the use of this technique. Plain films and a lateral and AP film with metrizamide in place are essential to ascertain the site of bone and spinal cord injury. Inaccurate assessment of the location of injury will result in CT scanning of the wrong level and failure to delineate posttraumatic lesions. Even when localization is correct, horizontal fractures may be missed 4'8 and, for this reason, we did not attempt to evaluate odontoid fractures with CT scanning. The partial volume effect may cause some fractures to be missed 5 or simulate fractures when none are present. Obtaining CT slices that are too far apart can also miss lesions)
Although the finding of subluxations and apophyseal joint widening are pathognomonic of an unstable spine, in many other cases CT scanning will provide no definitive assessment of stability, l~ We have noted a number of findings on CT that should suggest subluxation: overriding facets, rotation of adjacent vertebrae, and the appearance of two laminae or bodies on one CT cut. Nevertheless, subluxations are better defined by plain films. In our experience, sagittal and coronal reconstructions only rarely provided information that had not been obtained by plain films or careful analysis of transaxial scans, and we believe they are not indicated.
In summary, metrizamide myelography-CT scanning is a reliable diagnostic procedure for patients with cervical spinal cord injuries. It will rapidly assess in one study the posttraumatic bone anatomy of the cervical spine and evaluate compression of neural structures with minimum patient movement and a radiation exposure that is a fraction of that obtained with conventional polytomography. If the site of bone and neural injury is carefully localized and minor technical limitations are kept in mind, the technique is safer and more accurate than other methods for assessing the cervical spine and spinal cord.
